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INTRODUCTION

A PURPOSE AND SCOPE OF STUDY. The purpose of this appendix is to present detailed
engineering and design data for the Upper Saginaw River, Michigan Dredged Material Placement
Site (DMPS) project. This appendix provides the basis for the preparation of plans and
specifications for construction of the DMPS. Description of procedures and basic supporting data
related to investigations made in connection with the preparation of this appendix are presented in
the paragraphs and figures to follow. This engineering and design is being accomplished under the
National Harbors Program: Dredged Materials Management Plan (DMMP).

B. BACKGROUND. Since the latter part of the 1970’s, materials from the upper reaches of
the Saginaw River were placed in the Middleground Island Confined Disposal Area and those from
the lower river were placed in the Saginaw Bay Confined Disposal Area. The Middleground Island
Facility was filled and returned to the local sponsor in 1984. Dredging in the Upper River was
reduced with only the critical shoals being removed and placed in the Bay CDF at additional expense
due to the greater haul distance.

Two sites have been identified for analysis in this appendix. One alternative site for placement
of dredged materials has been identified at a location in Buena Vista/ Zilwaukee Township, west of
the Saginaw River, approximately 11 miles upstream of the mouth of Saginaw River, in the city of
Bay City, Michigan. See Figure 1 for the project location and vicinity maps. The site which lies
adjacent to and west of the Saginaw River encompasses a total area of approximately 581 acres.
The second alternative site for placement of dredged materials has been identified at a location in
Buena Vista/ Zilwaukee Township, approximately 11 miles upstream of the mouth of Saginaw
River, in the city of Bay City, Michigan. The site which lies adjacent to and east of the Saginaw
River encompasses a total area of approximately 274 acres.

C. DATA COLLECTION. The design data collected during the course of this study has
included the following:

1. CADD drawings developed from topographic surveys provided by the Technical Support
Section, Detroit District Corps of Engineers used for the plan layout and volume computations.



2. Soil boring investigations by STS Consultants in July 2002 used to develop arepresentative

soil profile of the area and provide data for a stability analysis of the existing dikes and proposed
dikes.

3. A list of pertinent references is provided on Page 5 of this document.

DESIGN

A. DESIGN CRITERIA. The design rationale used in this study provides for an efficient least
cost plan based on sound engineering practice with proper consideration given to environmental and
social aspects. The following parameters were assumed:

e Total Available Capacity of the DMPS is approximately 3,100,000 cubic yards. It is
assumed that bulking and consolidation will be the same.

e Confinement dikes would be constructed from on-site clay materials.

e The large area available for containment will permit storage of a high volume of dredged
material sediments and transport water without discharge thereby allowing for maximum
settling time of the sediments without the need to construct high confinement dikes.

e Dredging may be performed by both mechanical and hydraulic equipment, however it will
be assumed that conveyance into the site will be by hydraulic methods.

B. PROJECT FEATURES. The Saginaw River Dredged Material Placement (West) Site
(DMPS) is located in Zilwaukee Township, Michigan adjacent to and west of the Saginaw River.
The Site Plan is shown on Figure 1. An alternative site evaluated during this study, the Buena Vista
Township (East) Site is located east of the Saginaw River approximately 11 miles upstream from the
mouth of the Saginaw River. The Site Plan is shown on Figure 3. The total area available for
utilization of construction of new dikes for dredged material placement is approximately 281 acres
for the west site and 120 acres for the cast site. The current plan is to construct one confinement cell
within each site. The volume of materials to be dredged and placed during a particular dredging
season will depend upon the degree of critical shoaling and the availability of dredging funds,
however, it is estimated that average annual maintenance dredging activities would be 150,000 cubic
yards per year. Although portions of the east site and the west site are diked, project mitigation and
site selection features dictate that higher dikes with engineering materials be constructed in order to
permit disposal by hydraulic methods.

Materials for new dike construction would be obtained from borrow areas located within each
site. It is anticipated that the borrow areas would be located along the new dike location and
excavation would continue along the length of dike. Prior to excavation of materials for new dike
construction, a one foot (1.0 ft.) layer of topsoil will be stripped from the proposed borrow area
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within the confines of the proposed dikes, and either stockpiled or removed from the project area.
Any excess excavated material may also be stockpiled or hauled away by the contractor. A chain-
link type security fence (Figure 8) will be constructed around the outer perimeter of the placement
area.

All confinement dikes will have an minimum ten foot (10.0 ft.) top width and side slopes of
1V:2H. Hydraulically dredged material will be placed into the confinement cell by contractor
furnished pipeline. The pipeline will enter the placement area from the river side of the site.
Discharge into the confined area would be controlled so as to preclude erosion of the interior dike
slopes. A stop-log type weir will be used to control the flow of water discharged from the
confinement cell. The discharge will then flow from the weir through a 12 “diameter CMP that will
be buried along an easement from the confinement area to the Saginaw River. During the latter
years of use of a confinement cell, interior spur dikes can be constructed so as to provide the greatest
length of flow within the cell and subsequently the greatest amount of settling time.

C. SITE DESIGN. The Zilwaukee Township (West) is the selected site for this study. The
design of the site is simplified by the relatively large area available for confinement. The
containment cell will be designed to provide storage for dredged material sediments and associated
transport water during the initial dredging season and subsequent dredging cycles. This will allow
for maximum settling of the solids to take place and release of the clarified water after a period of
time.

In the initial dredging and disposal cycle, assuming 150,000 cubic yards of materials are
removed, the total volume of transport water and solids that are to be confined is estimated to be
750,000 cubic yards. This is based on past project experience in the Upper Saginaw River that
hydraulically pumped dredged materials which are primarily silty sands and would contain
approximately 20% solids and 80% water. Based on these parameters, a minimum dike height of
11.0 ft. including 2.0 ft. of freeboard is required for the west site, and a minimum dike height of
17.0 fi. including 2.0 ft. of frecboard is required for the east site The depth of the remaining
sediments after dewatering is estimated to average 0.5 ft. per dredging cycle.

The average ground elevation within the interior areas of the sites is 580.0 ft for the west site,
and is 582.0 ft for the east site. New dikes for each site would be constructed of clay materials
borrowed from on-site. This clay material would be compacted to ensure insure dike integrity and
impermeability. A typical cross section is shown on Figures 4.

The outlet structures would be stop log type weirs for both the east and the west sites. The use
of the stop log weir allows operators to manually adjust the water level in the placement area
according to the incoming flow conditions. In order to meet water quality requirements for effluent
that is discharged from the site, the stop logs would be set in such a manner as to stop any flow out
from the site thereby allowing the maximum amount of detention and settling time for solids.
Design of the weirs is based on structures that have been constructed and operated at various disposal
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facilities throughout the Detroit District. The relatively simple design results in efficient fabrication
and ease of operation. As noted before, control of water flow and subsequently water levels within
an impounded area is afforded by this type of structure. This is necessary due to the importance
placed on achieving a specific level of water quality of the effluent that leaves the site and re-enters
the waterway.

As previously mentioned in this Appendix, spur dikes could be constructed within the
confinement area. The spur dikes would consist of existing dredged sediments and located such
that the flow distance from the point of discharge into the site to point of discharge at the weir
structure is effectively increased upwards to a factor of two thereby increasing the detention times
of the dredged sediments. This will be necessary during the latter periods of operation when the
available volume of storage capacity of the site is reduced.

A stability analysis of the proposed new dike configuration for the west site was undertaken in
order to assure its integrity under various hydraulic conditions. A stability analysis was not
completed for the east site. Data for the analyses was derived from soil borings taken within the
proposed placement area as shown on Figure 6. The borings indicate that the surficial geology of the
interior of the site is composed of topsoil that consists of sand with varying amounts of silt, sand and
gravel with trace roots. The existing access roads and dike systems consist of either a sand and
gravel or clay fill. The sand and gravel fill consists of brown medium to coarse sand and generally
extends to a depth of 2.0 feet below the topsoil. The clay fill is a brown to gray containing varying
amounts of silt, sand and gravel with a very stiff to hard consistency and generally extends to a depth
of 2.0 to 8.0 feet. The natural soils at the site consist of a brown medium to stiff silty clay. This
clay was brown to gray with varying amounts of silt, sand and fine gravel and generally extend to
the termination point of the soil borings at a depth of 25 to 40 feet. A soil profile of the placement
area is shown on Figure 7. The Stability Analysis is contained on Pages A17 thru A 30.
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SAGINAW RIVER PROPOSED CDF SITE
ZILWAUKEE, MICHIGAN

SLOPE STABILITY ANALYSIS
1.0 General
This slope stability analysis is being done to obtain a CLOMA (Conditional Letter of

Map Amendment).

2.0 Proposed Project

There are currently levees at an elevation of approximately 587 feet above LWD (NVGD
1929) around a portion of the proposed CDF. The 100-year flood elevation for this area
is approximately 588, and FEMA requires a 3-foot freeboard. Therefore, levees for the
proposed CDF require a top elevation of 591 feet above LWD.

Instead of building on the old levees, new levees are being constructed on the interior of

the old levees (see Figure 1). Material within the proposed CDF will be used as a borrow
source.

3.0 Site Geology

Material at the proposed site consists of brown medium to stiff silty clay with varying
amounts of silt, sand, and gravel. The clay extends approximately 25 to 60 feet below
oround surface. Some silt and silty clay can be found near the surface. A soil profile and
seotechnical investigation prepared by STS Consultants is provided as an attachment.

After stripping the topsoil from the surface of the borrow area, the clay from the interior
of the proposed CDF will be used as a borrow source for the new levee construction. Two
compaction curves done on composite samples showed optimum moisture content of 10.5
and 14.5. The median in-situ moisture content varies from 10% to 35%, with a median
value of 19%. Since the on site materials are wet of optimum, it will likely be necessary
to implement moisture control measures during construction. The site has a pumping
system that is used to control water levels during crop growing seasons that could be used
for that purpose. Simpler methods, such as digging trenches through the borrow area and
pumping the water that collects, may also be useful.
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4.0 Slope Stability Analysis

Three conditions were analyzed during the slope stability analysis, as discussed below. A
normal load of 200 psf was used on the levee crest to account for vehicle loads on the
levee during construction, operation, and maintenance of the CDF.

4.1 End of Construction Condition:

Undrained shear strengths determined from Unconsolidated, Undrained (UU, or
Q) Tests, as well and Unconfined Compression (UC) were used to determine total
stresses. The average shear strength value minus % the standard deviations for
the UU and UC tests were very comparable at 1078 and 1071 psf. A phi =0,
¢=1000 psf analysis was run. This is a conservative assumption that the soil will
be saturated and not rely on any frictional strength between soil particles. Even
with this conservative assumption, a factor of safety of 4.8 was obtained.

4.2 Steadv State Seepacge at flood level

This scenerio describes a long-term condition in which steady state seepage has
been allowed to occur after water levels have increased to the 100 year flood
stage. Direct shear test results were used to determine the effective shear strength
of the soil (300 pef). Again, a phi = 0 was used. A factor of safety of 2.0 was
obtained. A steady state seepage was also analyzed at a water level of 586, and
had a factor of safety of 1.7

4.3 Sudden Drawdown after flood level

Sudden Drawdown conditions assume that after the system has reached steady
state seepage at the flood stage of 588 feet above LWD, the water level will drop
faster than the soil can drain. Effective stresses and phi = 0 was used in this
analysis. This was the most critical analysis, with a factor of safety of 1.5.

191y
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Table 1: Slope Stability Results

Analysis Unit Cohesion Angie of | Water Factor Minimum
Weight Internal elevation of Safety | required’
Friction

End of 115 pef | 1000 pef 0 583 4.8 1.3
Construction
Steady State | 115 300 0 588 2.0 1.4
Seepage at (effective)
flood level

| Steady State | 115 300 0 586 1.7 1.4
at H20 - 586 (effective)
Sudden 115 300 0 583 1.5 1.0
Drawdown (effective)

1. EM-1110-2-1913, Table 6-1b

5.0 Hydrocompaction:

Hydrocompaction is subsidence due to the compaction of soils through the loss of water.
This can be significant in loose soils. Hydrocompaction is not an issue at this site, since
we are requiring 90% maximum density compaction. In addition, the clays have a low

PL and are not high swelling clays.

6.0 Conclusions:

The designed levee cross-section meets all minimum factors of safety for end of
construction, steady state seepage, and sudden drawdown conditions. On site borrow
material is wet of optimum, and moisture control will need to be implemented to reach

* the recommended compaction to 90% of maximum density. This analysis assumes that
the levees will be properly maintained. Animal burrows and trees can significantly
impact the stability of the levee slopes.
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5.0 EXPLORATION RESULTS

5.1 Site Actiivities

The STS sngineer and drillers mobilized to the site on July 20, 2002. Drilling and sampling began on July
30" and continued until August 1%, Drilling activities began at the proposed sastemn disposal site location
where a 1ol of seven borings were drilled and sampled. Four borings wers drilled to 25.0 feset, two
borings to 40.0 feet and one boring was drilled to 80.c feet. Once the berings were complete the drill rig
was loaded on the trailer and mobilized to the proposed western disposal site location. Nine borings were
completed on the western side of the Saginaw River. Six barings were dnilled to 25.0 feet, two borings tc
40.0 feat and one boring was drilled tc 80.0 feet. Six Photographs documenting portiens of the field
activities are presented in Appendix B.

5.2 Site Conditions

The proposed disposal areas for the Saginaw River sediments are located in Zilwaukee/Buena Vista
Townshigs, Saginaw County, Michigan. Figure 2 iliustrates the approximate location of the two proposed
containment dike locations. The sites are approximately 0.5 mile nertheast of Zilwaukee, Michigan. The
elevations at the east site range from approximately 580.0 to 587.8 feet. The elevations at the west site

range from approximaiely 572.3 1o 585.7 feet.

5.3 Scil Condiiions/Siie Comparisan
5.3.1 East Site
Four of the seven borings performed on the east site were drilled within the existing dike system. The soil
berings were SRE-10-02, SRE-1 1-02, SRE-14-02 and SRE-18-02. A general descriction of the fill and

naturzal soil types encountered includes:

TOPSOIL
Topsoil was encounierad in barings SRE-14-02 and SRE-18-02 with thicknessas of 1.0 and 0.4 feet. The

topsoil typically consists of sand with varying amounts of silt, clay and gravel with trace roots.

o
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FILL - SAND & GRAVEL

Fill material was encouniered while driling on access roads and on the exisiing dike system at the east
site. At borings SRE-10-02 and SRE-11-02, the fill material consisted of brown medium to coarse gravel
with thicknasses of 2.0 feet at each location. The fill material at SRE-10-02 contained broken pieces of
red brick or possibly broken pottery shards. A 1.25 foot layer of fine silty sand with trace roots and clay
was encountered in the dike (SRE-10-02) at 5.0 fest. Boring SRE-14-02 was drilled on the dike system
and contained brown fine silty sand with trace amounts of clay beneath the topsoil. The fill sand extended

from a depth of 1.0 to 4.0 feel.

EILL - CLAY

Very stiff to hard silty clay fill (cike material) was encountered in borings SRE-10-02, SRE-11-02, and
SRE-16-02 from 2.0 to 8.0 fest. The clay was brown to gray and contained varying amounts of silt, sand
and gravel and occasicnally small white shells. Boring SRE-14-02 sncountered the very stiff to hard clay
at 4.0 feet and the fill layer extended te 8.0 feet.

NATURAL SOILS

Cohesive Soifs

Srown medium to stiff silty clay was encountered in all seven of the borings completed at the east site.
The clay was brown to gray with varying amounis of silt, sand and fine gravel. The clay extends tc
approximately 25.0 feet in borings SRE-10-02, SRE-11-02, SRE-15-02 and SRE-18-02. Mattled and
fractured sitty clay was encountered within the silty clay in borings SRE-9-02, SRE-10-02 and SRE-11-02
at depths of 8.0 t0 15.0 feet. The brown silty clay sxtended to 40.0 feet in borings SRE-3-02 and SRE-14.
At boring location SRE-13-02, gray silty clay with a soft consistency was encountered at approximately

25 () fa=t and extended 1o the termination depth of the boring at 80 feet.

Granular Soils
Two borings (SRE-15-02 and SRE-18-02) contained brown tc black fine silty sand with trace amounts of
roots, clay and occasional gravel. The natural sand encounterad in borings SRE-15-02 and SRE-18-02

was 3t a depth of 8.0 fest and was approximately 2.0 feet thick,

26
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5.3.2 WestSite
Five of the nine berings performed on the west site were drilled within the existing dike system. These soil
borings wers SRW-1-02, SRW-2-02, SRW-4-02, SRW-8-02 and SRW-7-02. A general description of the
fill and natural soil types sncountered include:

TOPSCOIL

Topsoil was encountered within all of the west site borings except SRW-1-02 and SRW-8-02. The topsail
" typically consists of sand with varying amounts of silt, clay and gravel with trace roots. The minimum

thickness of topsoil (0.3 feet) occurred at boring location SRW-2-02 and the maximum thickness (2.0 fest)

accurred at SRW-4-02.

FILL - SAND & GHAVEL

Fill material was also sncountered while drilling on access roads and on the existing dike system on the
west site. Borings SRW-1-02 and-8RWL.6-02-wese the only locations where gravel fill was encountered at

the surface with thicknesses of 0.5 andwms aely. Fill material consisied of brown medium 1o
coarse sand and gravel at both locations witﬁt?ébe pieces of slag at SRW-1-02.

= Y
COURL el ~.\ ‘{“-a{\rf: "

Silty clay fill (dike material) with a consistency of very siiff 1o hard was encountered in berings SRW-1-02,
SRW-3-02, SRW-4-02, SRW-6-02 and SRW-7-02. The clay which was encountered below the topsail
and grave! fill was brown to gray and contained varying amounts of silt, sand and gravel and occasicnaily
small white shells. Small lensas of sand and/or softer clay were sometimes encountsred within the very
stiff clay. The clay fill extended to a depth of approximately 8.0 fest at SEW-4-02, SRW-5-02 and SRW-7-
02 and 8.0 feet at SRW-1-02 and SRW-3-02.

NATURAL SOILS

Cohesive Saoils

Srown medium to stitf silty clay was encountered in all nine of the borings on the east site. The clay was
brown to gray with varving amounts of silt, sand and fins gravel. The clay extends to appreximately 25.0
fset in borings SRW-1-02, SRW-2-02, SRW-4-02, SRW-5-02, SRW-58-02 and SRW-7-02. Motiled and
fractured silty clay was sncounterad within the silty clay in borings SRW-1-02, SRW-2-02 and SRW-8-02

at 8.0 feet with thicknessas of 1.0, 6.0, and 5.0 feet, respectively, The brown medium silty clay sxtended

to 40 feet in borings SRW-3-02 and SRW-8-02. At boring locaticn SBRW-8-02, brown soft silty clay was

3
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encountered at approximately 35.0 fest and was 10.0 feet thick. Brown silty clay (or possibly clayey silt)

with a very soft consistency extended from 45.0 tc 80.0 feet.

Granular Soifs
One boring (SRW-2-02) contained gray fine to medium sand with varying amounts of roots, silt, clay and

occasional small white shells. The sand was encountered at a depth of 2.0 feet and was 7.0 feet thick.

The generalized soil profile described above is noted on the respective boring logs included in the
Appendix B. Please refer to those logs for a more detailed description of the soils encountered at speciiic
boring locations. Geologic profiles of the soils encountered =t the east and west sites have been included
as Figures 4 and &.

5.4 Groundwater Table Conditions

Groundwater level readings were obtained in each boring during and after driling and sampling
operations. The groundwater slevations varied considerably across both proposed sites. The
groundwater on the eastern side of the Saginaw River ranged from 8.5 to 20.0 fest below ground surface
while drilling. Three of the seven boring locations did not encounter water while drilling and sampling.
The groundwater on the westarn side of the Saginaw River ranged from 5.0 to 24.8 feet below ground
surface while drilling. Three of the nine boring locations did not encounter water while drilling and
sdhwpling. Groundwater levels encountered at sach boring locaticn are located on the baring logs included
in Appendix A. It should be noted, howaver, that groundwater levels obtained from soil Derings may not
raflect the natural long-isrm slevation of the groundwater table. Monitor wells would be raguired if more

accurate or long-term monitering of the groundwater levels is required.

A-28
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6.0 GENERAL QUALIFICATIONS

The analysis and recommendations submitted in this report are basad on data cbiained frem soil borings.
Variations can ocour between these borings; the nature and sxtent of which may not become evident until
after construction.  If variations are encountered, it may be necsssary io make a re-svaluation of the
recommendations of this report after making on-site observations and ncting characteristics of these

variztions.

Watar level readings have been made in the borings at the time and under the conditions stated on the
boring logs. This data has been reviewed and an interpreiation made in the text of this report. Howsver, it
must be noted that the period of observation was relatively short, and that seascnal and annual
fluctuations in the level of the groundwater will likely occur.

This repert has bsen prepared in accordance with generally accepted soil and foundation ngineering
practices to 2id in the evaluation of this property, and to assist the Agency and their Enginesr in the design
of this project. No other warranty, expressed or implied, is made, The scope of this report is limited to the
speciiic oroject and location described hersin, and our description of the project represents our
understanding of the significant aspects relevant to soil and foundation characteristics. In the event any
changes in the design or location of the structures as outlined in this repert ars planned, we should be
1n%ormed s0 the changes can be reviewed, and the conclusion of this report modified and approved in

writing by the Geotechnical Engineer.

As a chieck, we recommend that STS be authorized 1o review projsct plans and specifications to confirm
that the recommeandations of this repert have been interpreted in accordance with our intent. Without this
review, STS Consultants will not be respensible for misinterpretation of our data, our analyses, and/or our

recommendations or how these are incorporated into the final design.
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